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TECHNICAL MEMORANDUM 

I N T R O D U C T I O N  

Recent S a t u r n  Apollo A p p l i c a t i o n s  p l a n n i n g  has been 
d i r e c t e d  toward t h e  achievement of  E a r t h - o r b i t a l  m i s s i o n s  o f  
one-year d u r a t i o n  t o  p r o v i d e  a t e c h n o l o g i c a l  base f o r  e v e n t u a l  
manned p l a n e t a r y  e x p l o r a t i o n .  T h i s  memorandum p r o v i d e s  a 
p r e l i m i n a r y  e s t i m a t e  of  maximum m i s s i o n  d u r a t i o n s  a c h i e v a b l e  w i t h  
a s i n g l e - l a u n c h  CSM/Auxiliary Module/S-IVB Workshop c o n f i g u r a t i o n  
p l a c e d  i n  E a r t h  o r b i t  by  an S I B . *  

C o n s t r a i n t s  on o r b i t  p a r a m e t e r s ,  CSM m o d i f i c a t i o n s ,  
and A u x i l i a r y  Module ( A M )  d e f i n i t i o n  assumed i n  t h i s  s t u d y  are  
as f o l l o w s :  

1. 

2. 

3. 

4. 

5. 

S I B  payload  c a p a b i l i t y  i s  based on a c i r c u l a r  o r b i t  o f  
200  NM m i l e  a l t i t u d e  ach ieved  w i t h  a launch  azimuth o f  
90" ( ~ 2 8 . 5 '  o r b i t a l  i n c l i n a t i o n ) .  

Miss ion  d u r a t i o n s  a r e  i n  excess  of  30 days ,  i . e .  g rea t e r  
t h a n  t h e  nominal c a p a b i l i t y  o f  t h e  CSM/SSESM/S-IVB 
Workshop c o n f i g u r a t i o n .  

CSM c o n f i g u r a t i o n  i s  Block I1 w i t h  t h e  e x c e p t i o n  o f  f u e l  
c e l l s  i n  t h e  EPS.  Block I1 subsystems q u a l i f i e d  for 1 4  
days are  assumed, f o r  purposes  o f  t h i s  s t u d y  o n l y ,  t o  be  
capab le  o f  ex tended  l i f e t i m e s  wi thou t  m o d i f i c a t i o n s  o t h e r  
t h a n  t h e  p r o v i s i o n  of a d d i t i o n a l  expendables .  

Expendables for CSM o p e r a t i o n  beyond 1 4  days are s t o r e d  
i n  t h e  A u x i l i a r y  Module ( A M ) .  

The crew for each mis s ion  c o n s i s t s  of  t h r e e  men. 

*The A u x i l i a r y  Module ( A M )  concept  i s  f u n c t i o n a l l y  s imilar  
t o  t h e  Spen t  S t a g e  Experiment Suppor t  Module (SSESM); t h e  
term "AM" i s  employed here t o  d i s t i n g u i s h  between t h e  
p a r t i c u l a r  c o n f i g u r a t i o n  (SSESM) c u r r e n t l y  b e i n g  des igned  
f o r  F l i g h t  209 and o t h e r  p o s s i b l e  c o n f i g u r a t i o n s  c a p a b l e  o f  
ex tended  m i s s i o n  d u r a t i o n s  and more e x t e n s i v e  subsystems 
s u p p o r t  t o  exper iments .  
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6 .  E l e c t r i c a l  power r equ i r emen t s  are  c o n s i d e r e d  p a r a m e t r i -  
c a l l y  w i t h  v a r i a t i o n s  from approximate  housekeeping  
l o a d s  t o  t h e  maximum o b t a i n a b l e  w i t h i n  t h e  c o n s t r a i n t s  
of  EPS r a d i a t o r s  on t h e  Block I1 SM. 

Estimates o f  maximum m i s s i o n  d u r a t i o n s  g i v e n  below a re  
based on a comparison o f  r e q u i r e d  S/C w e i g h t s - i n - o r b i t  w i t h  t h e  
payload  c a p a b i l i t y  o f  a n  SIB l aunch  v e h i c l e .  

I. SPACECRAFT CONFIGURATION 

The o v e r a l l  s p a c e c r a f t  i s  c o n s i d e r e d  f o r  convenience t o  
b e  composed o f  t h r e e  modular components: CSM,  A u x i l i a r y  Module 
( A M ) ,  and S-IVB Workshop. The S- IVB Workshop i s  b a s i c a l l y  a n  
S-IVB s p e n t  s t a g e  w i t h  a n  O 2  atmosphere i n  i t s  hydrogen t a n k ;  
env i ronmen ta l  c o n t r o l  i s  provided  by  t h e  A u x i l i a r y  Module ( A M )  
w h i l e  e l e c t r i c a l  power i s  o b t a i n e d  from t h e  CSM EPS. The A u x i l i a r y  
Module i s  mounted w i t h i n  t h e  SLA s e c t i o n  o f  t h e  l aunch  v e h i c l e  on 
t h e  LEM a t t a c h  p o i n t s ;  major  components o f  t h i s  module a r e  a n  a i r -  
l o c k  t u n n e l  t o  p rov ide  a c c e s s  from t h e  CM to t h e  S- IVB Workshop and  
S/C e x t e r i o r ;  a n  ECS t o  p rov ide  a s h i r t  s l e e v e  environment i n  t h e  
a i r l o c k  t u n n e l  and i n  t h e  Workshop; expendables  and a s s o c i a t e d  
s t o r a g e  f a c i l i t i e s  t o  suppor t  t h e  e n t i r e  S / C  beyond 1 4  days of  
o p e r a t i o n ;  and i n s t r u m e n t a t i o n  t o  mon i to r  i t s  own sys tems p l u s  t h e  
S- IVB s tage p a s s i v a t i o n  system which i s  r e q u i r e d  t o  r e n d e r  S-IVB 
p r e s s u r e  v e s s e l s  and armament s a f e  prior t o  manned e n t r y  o f  t h e  
Workshop. The CSM, as mentioned above,  i s  assumed to b e  e s s e n t i a l l y  
a Block I1 c o n f i g u r a t i o n  w i t h  one major  e x c e p t i o n :  t h e  P ra t t  & 
Whitney (P&W) f u e l  c e l l s  o f  t h e  Block 11 EPS a r e  r e p l a c e d  by 
a s b e s t o s  membrane f u e l  c e l l s  o f  t h e  t y p e  c u r r e n t l y  under  development 
by Al l i s -Chalmers .  

11. ESTIMATES OF SUBSYSTEM WEIGHTS 

Nonexpendable Items 

E l e c t r i c a l  Power System: 

The P&W Bacon-type f u e l  c e l l s  employed i n  t h e  Block I1 CSM 
EPS have a r e l a t i v e l y  d e t e r m i n i s t i c  t i m e  and t e m p e r a t u r e  dependent  
f a i l u r e  mode. NASA/MSC h a s  e s t i m a t e d  t h a t  t hese  c e l l s  can be  q u a l i -  
f i e d  f o r  m i s s i o n s  of approximate ly  30 days  d u r a t i o n  by  d e r a t i n g  
t h e i r  power o u t p u t ,  t h u s  r educ ing  o p e r a t i n g  t e m p e r a t u r e s  and re ta rd-  
i n g  c e l l  d e g r a d a t i o n  (Reference  1). For m i s s i o n  d u r a t i o n s  a p p r e c i a -  
b l y  g rea te r  t h a n  30 days  and e l e c t r i c a l  power r equ i r emen t s  s i g n i f i -  
c a n t l y  greater  t h a n  S/C housekeeping l o a d s  e x t e n s i v e  development 
work on t h e  P&W c e l l  would be r e q u i r e d  t o  i n c r e a s e  o p e r a t i n g  l i f e -  
t imes  a t  normal power o u t p u t  and/or  t o  p r o v i d e  a c a p a b i l i t y  f o r  i n -  
f l i g h t  s ta r t s .  An a l t e r n a t i v e  t o  ex tend ing  development of  t h e  P&W 
c e l l  beyond % 3 O  days o p e r a t i n g  l l f e t i m e  i s  t o  c o n s i d e r  f l i g h t  q u a l i -  
f i c a t i o n  of a n  a s b e s t o s  membrane f u e l  c e l l  f o r  d u r a t i o n s  between 
1 , 0 0 0  and 1,500 hours  (%40 t o  60 day m i s s i o n s ) ;  Allis-Chalmers i s  
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c u r r e n t l y  under  c o n t r a c t  t o  NASA/MSC t o  deve lop  a 1 , 5 0 0  hour  f u e l  
c e l l  module. It Is estimated i n  Refe rence  1 t h a t  such  a module 
would weigh approx ima te ly  170 l b s .  f o r  a r a t e d  power o u t p u t  of  
~2 KW. 

Lack of  p r e c i s e  i n f o r m a t i o n  on f a i l u r e  modes as w e l l  
as o t h e r  problems may prevent  e a r l y  f l i g h t  q u a l i f i c a t i o n  of  such  
a module; f o r  pu rposes  of  t h i s  s t u d y ,  however, t h e  a v a i l a b i l i t y  of  
a q u a l i f i e d ,  2 KW, 170# f u e l  c e l l  module capab le  of  1 , 0 0 0  t o  1 , 5 0 0  
hours  of o p e r a t i o n  i s  assumed. Tab le  1 i n d i c a t e s  t o t a l  f u e l  c e l l  
we igh t s  f o r  m i s s i o n  d u r a t i o n s  from 30 t o  75 days a t  ave rage  EPS 
o u t p u t s  up t o  4 KW; i t  i s  assumed t h a t  one s p a r e  module i s  c a r r i e d  
r e g a r d l e s s  of average power l e v e l  or miss ion  d u r a t i o n .  

i s  t a k e n  f o r  three P&W modules removed from t h e  SM; a p p r o p r i a t e  
t o t a l  f u e l  c e l l  we igh t s  from T a b l e  1 a r e  t h e n  i n c l u d e d ,  i n  acco r -  
dance w i t h  t h e  p r e v i o u s l y  mentioned assumpt ion  that  a l l  f u e l  c e l l s  
f o r  t h e  e n t i r e  S/C w i l l  be c a r r i e d  i n  t h e  SM. ( I n c l u s i o n  exc lu-  
s i v e l y  i n  t h e  SM s i m p l i f i e s  the problem o f  heat r e j e c t i o n  by 
p e r m i t t i n g  use  of  t h e  unmodified SM EPS r a d i a t o r s  f o r  o u t p u t s  up 
t o  4 KW.* 

I n  c a l c u l a t i n g  CSM weights below, a c r e d i t  o f  660  l b s .  

AM Envi ronmenta l  C o n t r o l  System: 

To minimize t h e  complexi ty  of  t h e  CSM/AM i n t e r f a c e  i t  i s  
assumed that  env i ronmen ta l  c o n t r o l  of  t h e  AM t o g e t h e r  w i t h  t h e  
S-IVB Workshop will be provided  by an  env i ronmen ta l  c o n t r o l  s y s t e m  
l o c a t e d  i n  t h e  AM.*% The estimated weight  o f  t h e  ECS i s  450# 
based upon co r re spond ing  Gemini hardware weights  (Reference  4 ) .  
T h i s  i m p l i e s  t h a t  no more than  two crew members occupy t h e  A u x i l i a r y  
Module o r  Workshop a t  any g iven  t i m e .  

Thermal c o n t r o l  of t h e  AM Ai r lock  i s  ma in ta ined  by p a s s i v e  
means and by va ry ing  t h e  t empera tu re  and humidi ty  of t h e  S/C 
a tmosphere i n  t h e  ECS. I f  t h e  a i r l o c k  i s  covered  w i t h  high-  
performance s u p e r  i n s u l a t i o n  the  i n t e r i o r  t empera tu re  can  be h e l d  
c l o s e  t o  the t empera tu re  o f  t h e  p r e s s u r i n g  gaseous  oxygen (Reference  
5 ) .  I n  the  absence of  a n  atmosphere i n  t h e  S-IVB s p e n t  s t a g e  H2 
t a n k ,  t h e  i n t e r n a l  s u r f a c e  can b e  ma in ta ined  a t  a n  ave rage  tempera- 
t u r e  of 30°F by r o l l i n g  t h e  e n t i r e  S/C a t  ~0.10 rpm.  T h i s  assumes 

* L i m i t a t i o n s  on power output  imposed by SM EPS r a d i a t o r s  a r e  
d i s c u s s e d  i n  Refe rences  2 and 3. 

**North American Av ia t ion  i s  c u r r e n t l y  under  c o n t r a c t  w i t h  
NASA/MSC t o  s t u d y  t h e  f e a s i b i l i t y  of u s ing  t h e  Block I1 ECS 
t o  suppor t  a,..CSM/SSESM/S-IVB Workshop c o n f i g u r a t i o n .  
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t h a t  t h e  S-IVB t a n k  e x t e r i o r  i s  p a i n t e d  b l a c k ,  t h e  LOX t a n k  i s  a t  
n e a r  vacuum c o n d i t i o n ,  and t h a t  a n  a lumin ized  m y l a r  c u r t a i n  c l o s e s  
t h e  opening between t h e  SLA and t h e  A u x i l i a r y  Module docking  f i x -  
t u r e  (Refe rence  5 ) .  The mylar c u r t a i n  s e r v e s  t o  p r o t e c t  t h e  
A u x i l i a r y  Module exposed s u r f a c e s  from SM RCS plume impingement 
e f f e c t s  d u r i n g  docking and maneuvering as w e l l  as t o  r educe  tem- 
p e r a t u r e  f l u c t u a t i o n s  of t h e  S-IVB hydrogen t a n k ' s  forward  dome. 

AM S t r u c t u r e :  

P r i n c i p a l  s t r u c t u r a l  components of t h e  A u x i l i a r y  Module 
a r e  an  a i r l o c k / t u n n e l  and a suppor t  s t r u c t u r e  t o  t r a n s f e r  AM 
r e a c t i o n  l o a d s  t o  t h e  LEM a t t a c h  p o i n t s  i n  t h e  SLA. An a i r l o c k /  
t u n n e l  weight has been e s t i m a t e d  i n  Reference  5 t o  be 9 l l . #  
Corresponding suppor t  s t r u c t u r a l  we igh t s  amounted t o  ~ 1 4 %  of  t h e  
t o t a l  weight suspended f r o m  t h e  LEM a t t a c h  p o i n t s ;  suppor t  
s t r u c t u r a l  weights a r e  e s t i m a t e d  h e r e i n  as 15% of  t h e  t o t a l  
A u x i l i a r y  Module weight .  T h i s  pe rcen tage  i s  a p p l i e d  below i n  com- 
p u t i n g  t o t a l  AM weight r equ i r emen t s  f o r  m i s s i o n s  o f  d u r a t i o n s  up 
t o  75 days .  

I n s t r u m e n t a t i o n :  

I n s t r u m e n t s  t o  monitor  and c o n t r o l  t h e  c ryogen ic  s t o r a g e  
sys tem,  A u x i l i a r y  Module ECS, and t h e  S-TVB s p e n t  s t a g e  p a s s i v a -  
t i o n  systems a r e  c a r r i e d  on t h e  AM. An a r b i t r a r i l y  s e l e c t e d  
a l lowance  o f  200 .#  has been made f o r  t h i s  i n s t r u m e n t a t i o n  i n  
de t e rmin ing  t o t a l  a u x i l i a r y  module weights. 

C ons  umab l e  s 

Consumable i t ems  r e q u i r e d  by t h e  CSM/AM/S-IVB Workshop 
i n c l u d e  p o t a b l e  w a t e r ;  hydrogen and oxygen r e a c t a n t s  f o r  f u e l  
c e l l s ;  me tabo l i c  oxygen i n c l u d i n g  a n  a l lowance  f o r  l eakage  from 
h a b i t a b l e  volumes; food;  medical  and p e r s o n a l  hygiene  equipment;  
and L I O H  f o r  removing C02  f r o m  c a b i n  a tmospheres .  Ra te s  of con- 
sumption f o r  each o f  t h e s e  items a r e  assumed, f o r  purposes  of t h i s  
s t u d y  o n l y ,  t o  be as s t a t e d  i n  T a b l e  2 .  

The a v a i l a b i l i t y  of p o t a b l e  water as a by-product of 
f u e l  c e l l  o p e r a t i o n  i s  dependent upon t h e  amount of  e l e c t r i c a l  
power g e n e r a t e d  d u r i n g  a g iven  m i s s i o n  and t h e  deg ree  of  contami- 
n a t i o n  of  water as i t  l e a v e s  t h e  c e l l s .  It i s  e s t i m a t e d  t h a t  
~ 0 . 7 7 #  of  H20 w i l l  be  produced f o r  each  KWH of e l e c t r i c a l  energy 
g e n e r a t e d .  The H20 requi rement  f o r  a t h r e e  man crew (18#/day)  can 
t h u s  be met by an  average  miss ion  power r equ i r emen t  of  s l i g h t l y  
l e s s  t h a n  1 KW. Minimum, ave rage ,  and maximum housekeeping l o a d s  
for t h e  CSM a l o n e  are a n t i c i p a t e d  t o  be approximate ly  1 . 4 3  KW, 
1 . 5 7  KW, and 2.58 KW r e s p e c t i v e l y  (Reference  3 ) .  The EPS can  t h u s  
be expec ted  t o  p r o v i d e  water i n  - s u f f i c i e n t  q u a n t i t i e s  t o  meet crew 
needs .  



T A B L E  2 - REQUl REMENTS FOR CONSUMABLES* 

I T E M  I 
FUEL C E L L  REACTANTS 

HYDROGEN 

OXYGEN 

POTABLE WATER** 

METABOL I C OXYGEN 

CM 0, LEAKAGE 

S - I V B  WORKSHOP 0 
LEAKAGE ( A S S U ~ E D )  

OXYGEN (ONE EVA EVERY 
AIRLOCK REPRESSURIZATI  ON 

T H I R D  DAY) 

S - I V B  WORKSHOP I N I T I A L  
PRESSURIZATION 

FOOD 

MEDICAL C PERSONAL 
HYGl  ENE 

L I O H  

CONSUMPT I ON RATE 

0.0906#/KWH 

Oe688#/KWH 

6 #/MAN-DAY 

2 #/MAN-DAY 

4.8#/DAY 

I 0. #/DAY 

I. 5#/DAY 

,287f 

I .  67#/MAN-DAY 

2m67#/MAN-DAY 

2.52#/MAN-DAY 

*REFERENCES I, 6-9 

**PROVIDED BY EPS 
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T o t a l  m i s s i o n  r equ i r emen t s  f o r  f u e l  c e l l  r e a c t a n t s  are 
dependent  on average  m i s s i o n  e l e c t r i c a l  power r equ i r emen t s  and 
m i s s i o n  d u r a t i o n ;  t o t a l  mi s s ion  r equ i r emen t s  for m e t a b o l i c  
oxygen, food ,  med ica l  and p e r s o n a l  hygiene  equipment ,  and LIOH 
a r e  dependent on crew s i z e  and m i s s i o n  d u r a t i o n .  F i g u r e  1 i n d i -  
c a t e s  t h e  requi rement  f o r  non-gaseous consumables,  i . e . ,  f ood ,  
med ica l  and p e r s o n a l  hygiene  equipment,  and LIOH f o r  a t h r e e  man 
crew on mis s ions  w i t h  d u r a t i o n s  r a n g i n g  from 30 t o  75 d a y s ;  i t  
i s  assumed t h a t  t h e  CSM c a r r i e s  s u f f i c i e n t  q u a n t i t i e s  o f  t h e s e  
consumables t o  a d e q u a t e l y  meet crew needs d u r i n g  t h e  f i r s t  1 4  
days of  o r b i t a l  o p e r a t i o n s .  

F i g u r e  2 i n d i c a t e s  s p a c e c r a f t  oxygen r equ i r emen t s  f o r  
m e t a b o l i c  consumption, e l e c t r i c a l  power g e n e r a t i o n ,  l e a k a g e ,  
S-IVB Workshop i n i t i a l  p r e s s u r i z a t i o n ,  and a i r l o c k  r e p r e s s u r i z a -  
t i o n  f o r  a n  assumed ave rage  o f  one EVA every  t h r e e  d a y s .  It i s  
assumed t h a t  t h e  Block I1 CSM c ryogen ic  oxygen s t o r a g e  c a p a b i l i t y  
(640# t o t a l  u s a b l e  0 2 )  i s  r e t a i n e d  and used  u n t i l  exhaus t ed ;  t h e  
f i g u r e  t h u s  p r e s e n t s  oxygen r equ i r emen t s  i n  e x c e s s  o f  t h e  Block 
I1 CSM c a p a b i l i t y .  Tankage ( p l u s  r e s i d u a l s )  r e q u i r e d  f o r  t h e  
a d d i t i o n a l  0 2  i s  e s t i m a t e d  t o  r e q u i r e  approximate ly  0.3# of t a n k  
f o r  each  pound o f  u s a b l e  f l u i d .  T h i s  estimate i s  a rough ave rage  
o f  t h e  co r re spond ing  r a t i o s  f o r  Apol lo ,  Apollo X ,  and AES 45 day 
E.O,CSM 02 t a n k s  (Refe rences  8 and 9 ) .  It shou ld  be noted  t h a t  
t h e  maximum f low r a t e  o f  t h e  p r e s e n t  Apollo system i s  exceeded 
f o r  t h e  cu rves  a s s o c i a t e d  w i t h  3 KW and 4 KW ave rage  e l e c t r i c a l  
power r equ i r emen t s ;  i t  i s  t h e r e f o r e  assumed tha t  i f  such power 
l e v e l s  a r e  s p e c i f i e d ,  maximum f low rates can b e  i n c r e a s e d  w i t h  
no a p p r e c i a b l e  change i n  system weight .  T h i s  p a r t i c u l a r  f low 
r a t e  r e s t r i c t i o n  of  c o u r s e  does not  app ly  t o  t h e  AM s t o r a g e  
s y s t e m  which supplements  t h e  Block I1 0 2  t a n k s .  

F i g u r e  3 i l l u s t r a t e s  s p a c e c r a f t  hydrogen r equ i r emen t s  
f o r  e l e c t r i c a l  power g e n e r a t i o n .  As b e f o r e ,  it i s  assumed t h a t  
t h e  Block I1 CSM hydrogen s t o r a g e  c a p a b i l i t y  i s  r e t a i n e d ;  hydro- 
gen and tankage  r equ i r emen t s  shown are t h u s  inc remen t s  above t h e  
Block I1 c a p a b i l i t y .  The r a t i o  of d r y  t a n k  weight  p l u s  r e s i d u a l s  
to u s a b l e  H2 weight i s  estimated t o  be 2 . 5 ,  t h i s  e s t i m a t e  having  
been determined i n  a manner similar t o  t h a t  d e s c r i b e d  above f o r  
oxygen t ankage  . 
Contingency 

T o t a l  AM weigh t s  i n c l u d e  an  a r b i t r a r y  weight a l lowance  
f o r  misce l l aneous  equipment items and d e p a r t u r e s  from t h e  nominal 
s y s t e m  we igh t s  d e s c r i b e d  above: T h i s  cont ingency  al lowance i s  5% 
of  t h e  t o t a l  AM s y s t e m  weight  which i n c l u d e s  non-expendable and 
consumable i t e m s  d i s c u s s e d  i n  S e c t i o n  11. 



M i s s i o n  D u r a t i o n  ( d a y s )  

FIGURE I - FOOD, MEDICAL & PERSONAL HYGIENE EQUIPMENT, AND LlOH REQUIRED TO 
SUPPLEMENT THE CSM CAPABILITY FOR MISSIONS UP TO 75 DAYS WITH %MAN CREWS 
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,FIGURE 2 - SPACECRAFT OXYFEN !REQUIREMENTS I N  EXCESS OF 
BLOCK I I CSM CRYOGENIC STORAGE CAPABILITY - 
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M i s s i o n  D u r a t i o n  ( d a y s )  

FIGURE 3 - SPACECRAFT HYDROGEN REQUIREMENTS I N  EXCESS OF 
BLOCK I I CSM CRYOGENIC STORAGE CAPABI LlTY 
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Total Auxiliary Module (AM) Weight Requirements 

Total weight requirements for the Auxiliary Module based 
on the preceding discussion are indicated in Figures 
mission durations from 30- t o  75 days and average electrical power 
requirements from 2 KW t o  4 KW. Allowable weights, determined by 
launch vehicle payload capability and orbital parameters of a ref- 
erence mission, are discussed in the following section. 

111. ALLOWABLE AUXILIARY MODULE WEIGHTS 

4 and 5 for 

The CSM and Auxiliary Module are, as stated in the Intro- 
duction, presumed t o  be placed in Earth orbit by an SIB launch ve- 
hicle. 
to an 80 x 200 n.m. elliptical orbit, a coast to apogee, and 
orbital circularization of the CSM/AM/S-IVB spent stage by thrust- 
ing with the SPS. 
200 n.m. orbit is taken to be 69,500 lbs.* 
the CSM/AM combined is then 69,500 lbs. less the following 
quantities:** 

The assumed launch profile consists of a two stage ascent 

The total weight that can thus be placed in a 
Allowable weight for 

S-IVB including propellant residuals 26,578 lbs. 
Instrument Unit (IU) 4,150 lbs. 
Spacecraft LEM Adapter (SLA) 3,800 lbs. 

or a net of 34,972 lbs. 

The CSM weight is taken to be the Block I1 dry weight 
22,101# (as of May 1, 1966) less the weight of three P&W fuel cell 
modules removed (660#) and increased by 

9.1 lbs/day average propellant requirement to maintain a 
minimum orbital altitude of 190 miles*** 

(a) 

(b) SPS propellant for orbital circularization and retro 
(2,883 lbs.) 

(c) Asbestos membrane fuel cell weights, the total amount of 
which vary with average mission electrical power require- 
ments, mission duration, and the expected operating life- 
time of the fuel cell modules. 

*Based on SIB capability to place 40,500 lbs. in a 100 n.m. 
altitude circular Earth Orbit. 

**Stage weights used herein are based on Reference 3 unless 
indicated otherwise. 

***Reference 10. 
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The allowable AM weight is then 34,972# l e s s  the CSM weight for a 
given mission; Auxiliary Module allowable weights are shown in 
Figures 4 and 5 for mission durations from 30 to 75 days. 
IV. RESULTS AND CONCLUSIONS 

The preceding sections have defined a preliminary esti- 
mate of maximum mission durations obtainable with a minimally 
modified Block I1 CSM supplemented by an Auxiliary Module and 
used to support a pressurized S-IVB Workshop. 

The intersections of curves indicating llallowablell and 
"required" AM weights (Figures 4 and 5) establish a maximum dura- 
tion on the assumption of no payload allocation to either experi- 
ments or systems other than those described previously in Sections 
I and 11. 

Maximum durations within that range are 64.4 days, 51.3 
days, and 43.8 days for 2, 3, and 4 KW average mission power re- 
quirements, respectively. The durations for 3 and 4 KW are sensi- 
tive to the assumed operating lifetime of fuel cell modules which 
is 1 5 0 0  hours for the figures just cited. Maximum mission dura- 
tions based on 1000 hour fuel cells with an in-flight start 
capability are 64.4 days, 50.3 days, and 42.5 days for 2, 3, and 
4 KW respectively. The maximum mission duration obtainable 
(assuming 2 KW average power) is thus 64.4 days regardless of 
whether 1000 hour or 1500 hour fuel cells are used; the weight 
and mission-duration advantage of 1500 hour cells over 1000 hour 
cells for 3 and 4 KW average power levels is thus relatively modest. 

Maximum mission durations with various assumed payloads 
of experiments or augmented systems can also be estimated from 
Figures 4 and 5. An arbitrarily assumed experiment payload of 
1000 lbs., for example, reduces maximum mission durations from 
64.4, 50.3, and 42.5 days to 57.8, 45.0, and 3 9 . 1  days for 2, 3, 
and 4 KW respectively ( 1 0 0 0  hour fuel cells). 

The results of this memorandum provide a means of esti- 
mating CSM/AM/S-IVB Workshop mission duration potential for a 
minimally modified CSM; they therefore provide a preliminary 
benchmark against which the effects of more extensive modifica- 
tions can be measured. 

1013-DJB-jdc 
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